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The effect of assistant molecule doping concentration on device performance.
To confirm the effect of high doping concentration of assistant dopants on device performance, we fabricated and characterized an OLED with a 1wt%-TBRb: 50wt%-4CzIPN-Me: mCBP EML. Since the average distance between two 4CzIPN-Me dopants is very short (estimated to be 1.2 nm) in the case of 50wt% doping, we observed significantly lower η EQE (< 5%) in the OLED as shown in Supplementary Figure 1 , indicating that the triplet energy of 4CzIPN-Me can be directly transferred to the triplet state of TBRb molecules by Dexter energy transfer at high concentrations. However, the much higher η EQE at a lower concentration suggests that the effect of Dexter energy transfer is very small for 10wt% 4CzIPN-Me. mCBP (Φ PL = 74±3%) films, respectively. Spectral Φ PL were calculated by normalizing the area of the PL emission spectra to be equal to the Φ PL of the corresponding films.
Surface morphology of the co-deposited films.
Since changes in film morphology can effect operational stability, the stability of the thin-film morphology of the emitter layers was investigates using storage tests. Supplementary   Figure 4 shows photographs of 100-nm-thick co-deposited thin films (0.65 mol%-TBRb:mCBP, 6.3 mol%-4CzIPN-Me:mCBP and 0.65 mol%-TBRb:6.3mol%-4CzIPN-Me:mCBP) after storage at room temperature in a nitrogen atmosphere for a few days. Clear crystallization was observed in the 0.65 mol%-TBRb:mCBP co-deposited film. On the other hand, the films doped with 6.3 mol% 4CzIPN-Me did not show any changes in the film morphology, indicating that the films maintain their amorphous morphologies. The rate constants for 6.3mol%-4CzIPN-Me:mCBP and 7.2mol%-2CzPN:mCBP codeposited films were calculated using the equations described in Ref. 22 with the measured PL efficiencies and decay times: 
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